Abstract: A neural network analysis was undertaken to relate the acoustic quality of halls to ten hall geometrical parameters. The results of the analysis are difficult to generalize as there are so many inputs and so many possible interactions. As a consequence the results are applied to a particular hall, the concert hall of the Sydney Opera House and are largely limited to possible changes which could be made.
INTRODUCTION
The results presented in this paper indicate that it is a combination of factors which go to make a good or a bad hall and that there isn't a single set of input variables which will ensure a given acoustic. The situation appears to be non-linear and therefore cannot be dealt with using rules of thumb. Possibly because of the failure of such rules in the past acoustical parameters, such as RT, are used instead, or as supplements. This approach allows any shape, size or surface finish to be considered and assumes that the acoustical parameters used can be accurately translated into materials and construction. When all the features, guidelines, rules of thumb or acoustical parameters which are thought to be important, are taken into account, it is too difficult to determine the combinations of these which make for a good hall and so concert hall design remains an art. Neural network analysis offersa possible alternative scientific approach which is very similar to that used by architects ie the use of precedents.
ARTIFICIAL NEURAL NETWORK ANALYSIS
Neural network analysis is modelled on how our brains operate (1). Essentially an iterative procedure where known inputs are connected through neurones to known outputs. The weighting of each connection is adjusted until the outputs can be predicted from the inputs for every example in the training set. These weightings can then be used to predict outputs in unknown cases. Neural network analysis can be used to handle non-linear problems, such as pattern recognition, that are not well suited to classical methods of analysis. There are limitations to the successful use of neural network analysis. Some of the most important of these are to have sufficient "training" data, to have data with the range of input and output variables required and to ensure that the inputs used are not highly correlated. In the present work 10 inputs were used. The data on 47 halls was used for training and the data on 4 halls was used for validation. A neural network with one hidden layer containing 4 neurones was trained to a tolerance of 11%.
RESULTS
The neural network analysis was carried out using the same data set used previously by Fricke and Haan (2) . The geometrical data was obtained from sources such as Beranek (3) . The number of inputs selected is limited by the number of halls for which reliable acoustic quality assessments are available. The input data variables used were largely determined by what was available in the sources used (some of the data used had to be estimated from drawings and photographs) and what were thought to be important. The input variables used were the volume (V) ), the surface area of hall (floor, walls and ceiling) (A), the number of seats @I), the maximum length (L), width (W) and height (H), a measure of the rake angle of the seating (RA, the stage height above the floor in the front of the stall (Sh), the degree of surface diffusion (SDI) and the degree of enclosure of the stage (Se). Most of the inputs are inter-related to some extent (see correlation matrix, Table 1) After the neural network was trained a number of inputs were changed and the effect of these changes on the acoustic performance of the Sydney Opera House (SOH) Concert Hall was investigated. When the number of seats was increased or decreased whilst everything else remained the same there was no significant change in acoustic quality of the haI1, as expected (3) . In other halls it can be shown that the stage height has an important effectbut this is not the case in the SOH. The diffision properties of the room surfaces increases the acoustic quality of the hall as expected (4)(5). As a result of the above and similar analyses an approximate best possible case result for the SOH was determined. The new inputs were that there was an open stage (Se=l), the stage height was 0.6m, the SD1 was 1 and the height of the ceiling was 12m. The AQI obtained was 0.97 which is as good as any existing hall. The result should be viewed with caution however as there are a number of reasons why this result may be in error. For example, it has been assumed that lowering the ceiling would not affectthe hall volume or the rating of the stage enclosure. This could be interpreted as having an extensive reflectorin the hall but such a situation has not been investigated in this study. There are several points worth making from Table 1 . The high correlations between some of the inputs may effect the efficacyof the neural network analysis. The second point is that all the correlations between the AQI and individual inputs are low. The highest correlation (-0.248) is between acoustic quality and the hall width. Although this is a poor correlation it is in agreement with the notion that narrow halls are better. The second highest correlation is with the rake angle of the seating and it suggests that flat floors are better than raked seating though again the correlation is very low. The sum of the R-squareds (on the bottom line of Table 1 ) is approximately 0.2. This is very low and if there was a linear relationship between all the inputs and the output it would be useless to try to predict the acoustic performanceof spaces in this way, but the relationship between geometrical properties of halls and their acoustic qualities appears to be non-linear. This would explain the low correlations in Table 1 and why attempts to produce rules of thumb for the design of halls have not been successful. An alternative explanation for the low R-squared sum is the usual one that there are important inputs which have not been considered. However as the neural network analysis was verified using four halls (an admitted inadequately small number) and each AQI was predicted to within 20% of its correct value most of the important variables would appear to have been considered or that the ones used also adequately represent other inputs which were not used.
This work represents an old concept presented in a new way, ie. that the acoustic quality of halls can be determined by precedent and the acoustic quality of concert halls can be predicted by their geometrical form. Despite its limitations neural network analysis does seem to offer the opportunity to study the non-linear interactions of the many variables involved in the acoustic performanceof concert halls. This work is presented to establish the potential benefits of neural network analysis in the study of concert hall acoustics. It also indicates that neural network may already allow the evaluation of the acoustics of halls to an acceptable degree of accuracy.
